This study aimed to investigate the effectiveness of an oral health promotion intervention implemented in special care establishments by dentists trained online. Twenty-six dentists intervening in 27 French special care establishments undertook a standardised oral health promotion intervention, including a conference presentation for care staff and hands-on toothbrushing workshops. Oral hygiene status of the residents was performed at baseline and at 6 months, and were compared using the McNemar test.
F I G U R E 1
Sequence for the collection of the outcome measure even more difficult. For many persons with disability, it is crucial that caregivers are able to give support and assistance with daily oral hygiene. Many variations exist in daily oral health support received in different settings. However, those who support people with disabilities may not recognize the importance of good oral health, especially for people who are edentulous or have few standing teeth, and evidence suggests that caregivers have insufficient training in oral care, which may lead to neglect. [13] [14] [15] As a result, oral hygiene education programs for caregivers are often proposed as a strategy to improve the oral health of persons with disability attending special care establishments. [16] [17] [18] In France, where there are no hygienists and no dental health educators, the implementation of this type of program is the responsibility of dentists. Without regulation and financial incentives, interventions are generally conducted by unpaid dentists acting on their own initiative. Without training in special care dentistry or in oral health promotion (OHP), these interventions are often limited to demonstrating brushing techniques using an outsized mouth model and toothbrush. In most cases, such interventions are not subject to evaluation. It is in this context that the project "Santé Orale et Autonomie" (Autonomy and Oral Health) was launched to examine the feasibility and effectiveness of training general dentists to implement a standardized OHP intervention in special care establishments. The project took place over a period of 5 years and was part of the French National Oral Health Plan aimed to develop preventive policies for population groups at high risk of poor oral health, funded by the French General Direction of Health. Dentists were encouraged to volunteer for the project using an announcement in a professional dental journal and a dedicated website. Participants were offered training and financial and logistical support to implement an OHP intervention according to a common protocol in a special care establishment of their choice. An online training course was developed for this purpose.
This study is part of the overall evaluation of the program. The content of the online course and its impact on the knowledge of the dentists and their self-confidence in their ability to implement an OHP intervention in a special care establishment have been previously described. 19 The purpose of this study was to examine the effect of the OHP intervention implemented by these trained general dentists on the oral hygiene of residents attending the special care establishments enrolled in the project. The research question was "Will dental plaque removal of residents attending special care establishments improve after a standardized OHP intervention implemented by general dentists, specifically trained and funded for this purpose?" Exploring the outcome of this program aims to provide information to assist French health care decision makers with policy formulation.
MATERIALS AND METHODS

Study design and population
A prospective, single group, pre-and posttest study was conducted. Figure 1 presents an overview of the study design.
Twenty-six dentists both completed the online training and undertook the OHP intervention in a special care establishment of their choice. Each dentist intervened in one establishment, except one who intervened in two. A convenience sample of 27 establishments ( Figure 2 ) spread over the whole French territory was thus involved in the program.
The study population was made up of the residents attending the special care establishments chosen by the dentists. Within each establishment, the director provided a list of the residents for whom he or she decided participation would be beneficial and obtained consent from the resident and/or the residents' families for participation in the study. Thus, 1,067 residents were involved in the OHP intervention.
OHP intervention
The OHP intervention started with a conference presentation for the care staff. The major dental diseases were described, with emphasis placed on infectious oral diseases and their systemic effects. A description of the major orofacial F I G U R E 2 Flow diagram reporting the study population selection.
functional difficulties was given, including swallowing disorders and the need to adapt food texture. An overview of the problems in providing conventional dental treatment for this group of patients was given, and the behavior management techniques available at local services were described. Prevention of dental disease was also discussed in terms of oral hygiene, diet, and exposure to fluorides. An open debate followed during which any questions could be raised and discussed.
Second, hands-on toothbrushing workshops were organized with individual residents, or small groups, accompanied by their key caregivers. The aim was to demonstrate the oral hygiene techniques adapted to the behavioral, anatomical, and physiological characteristics of each resident. For each resident, the presence of dental plaque was demonstrated, with disclosing fluid where possible, and the role of plaque in the development of caries and periodontal disease was discussed. The dentist demonstrated those oral hygiene techniques most appropriate for each individual resident and highlighted difficulties, such as gingival recession or a prominent labial frenum. The caregiver was then asked to continue cleaning until no further dental plaque was visible. At the end of the workshop, an individual oral hygiene protocol was written by the dentist in collaboration with the caregiver. Each resident and/or his/her caregiver were also alerted of any dental treatment need.
Six months after the hands-on toothbrushing workshops, dentists re-examined each resident.
Data collection
The data were collected twice: (1) at baseline, at the start of the first hands-on oral hygiene workshop and (2) during the 6-month follow-up oral examination (Figure 1 ). The data collection period extended from August 2009 to December 2011. A standardized oral health risk assessment form was used to record the data and was anonymized by the dentist prior to transmission to an independent evaluator for analysis. The indicators recorded were adapted from those developed by a group of experts in special care dentistry for a previous study. 20 Data concerning global health, feeding, autonomy, access to dental care, and oral hygiene habits were collected by interviewing the resident and/or his/her caregiver.
Oral health indicators, that included the presence of dental plaque, were recorded during an oral examination. Dentists used disposable gloves and a mouth mirror. The teeth were not dried and a dental probe was not used. Any suggestion of distress during oral examination led to the examination being interrupted.
The dentists were calibrated for the collection of clinical oral health indicators. One module of the online course was devoted to training and calibration and has been previously described. 19 Internal and external reliability were acceptable with an average kappa value of 0.77 and 0.63, respectively.
Outcome measure
The outcome measure was change in the presence of dental plaque between baseline and 6-month follow-up assessments. For each dentate sextant (at least one tooth), the tooth with the greatest buccal/labial or lingual area covered by dental plaque was selected to score the presence of dental plaque according the Greene and Vermillion index. 21 The presence of dental plaque was scored from 0 to 3. For each dentate resident, the presence of dental plaque was then recorded according three categories: (1) Absence of dental plaque if a dental plaque score of zero was noted for all dentate sextants; (2) Localized presence of dental plaque if a dental plaque score higher than zero was noted for up to two dentate sextants in either jaw; and (3) Generalized presence of dental plaque if a dental plaque score higher than zero was noted for all dentate sextants in one jaw.
Statistical analysis
The statistical analysis was performed using Stata software (Version 13, Stata Corp, College Station, Texas, USA). The tests were two-sided with a type I error set at = 0.05.
All variables were analyzed descriptively. Quantitative variables were described using mean, standard deviation, median, minimum, and maximum, while categorical variables were described using number of subjects and/or frequency. Due to missing data, the number of residents for whom the frequency was calculated was indicated in brackets as follows: (x/n).
The oral hygiene status of the residents at baseline and at the 6-month follow-up assessment was compared using McNemar test.
The effectiveness of the OHP intervention on the individual dental plaque removal of the residents was evaluated. To be included in the analysis, a resident had to present at least one tooth at baseline and at the 6-month follow-up assessment. Residents who presented no dental plaque at baseline nor at the 6-month follow-up were not included in the analysis. For each resident, presence of dental plaque recorded at baseline and at 6-month follow-up was compared. Factors associated with an improvement in dental plaque removal were investigated using a mixed model including the examiner parameter as a random effect despite the calibration process, as recommended by literature. 22, 23 Indeed, the number of dental examiners was high and due to the correlation of observations within a same examiner (cluster), the usual tests were not the most appropriate and intercluster variances were inflated. To limit this bias, mixed models were applied in the univariable and multivariable analyses. Variables significantly associated with the dependent variable after univariable analysis (p < 0.2) and according to clinically relevant parameters were included in a (backward and forward) stepwise multivariable mixed logistic regression model. 24, 25 Interactions between variables were tested, the model selection was performed using the Akaike information criterion, the Bayesian information criterion, and the likelihood ratio test. Results are expressed as odds ratios (OR) with 95% confidence intervals (95% CI), the intraclass correlation coefficient associated with the dental examiner random effect was subsequently calculated.
RESULTS
Of the 1,067 residents initially involved in the OHP intervention, 890 participated in the 6-month follow-up assessment and thus completed the OHP intervention ( Figure 2) .
The mean time between baseline and follow-up assessments was 9.6 ± 3.3 months (range: 2-19 months; median: 9.7 months). The time between baseline and follow-up assessments was less than 6 months for 12% of residents, between 6 and 12 months for 67%, and over 12 months for 21% of residents.
Baseline characteristics of the residents who completed the OHP intervention
Of the 890 residents who completed the OHP intervention, 50% attended a special care establishment for children, 42% a T A B L E 1 Description of the residents at baseline for main indicators of autonomy, global health, feeding, and access to dental care The modalities of resident distribution among the criteria were dichotomized for simplification (n: number of residents for whom the data were collected; Yes: percentage of residents experiencing the disorder). a Over the last 3 months. b Over the 2 weeks prior the baseline assessment.
special care establishment for adults, and 8% a nursing home for the elderly. Among the 445 residents attending a special care establishment for children, 62% of the residents were male and 40% were full boarders. They had a level of incapacity that excluded them from mainstream schooling. The mean age was 12.3 ± 3.9 years (range: 3-23 years).
Regarding the 373 residents attending a special care establishment for adults, 54% were male and the mean age was 39.5 ± 11.0 years (range: 20-74 years). Of these, 31/373 adults (8.3%) were involved in the OHP intervention at their protected work placement. The other 342 adults (91.7%) participated at daycare or residential facilities including: sheltered housing for those able to access employment in a mainstream or protected work setting (67/342 residents; 19.6%), residential facilities for adults unable to access employment and needing help with activities of daily living (165/342 residents; 48.2%), residential facilities for adults requiring ongoing medical care as well as help with daily activities (42/342 residents; 12.3%), and nursing homes for adults needing 24 hours nursing care (68/342 residents; 19.9%).
In nursing homes for the elderly, 68% of the 72 residents were female and the mean age was 82.1 ± 8.2 years (range: 55-99 years).
Medical grounds for attending the establishment were recorded for 837/890 residents (94%). The three most common conditions were psychological developmental problems including autism (28%), abnormalities of the central nervous system including cerebral palsy (29%), and genetic or chromosomal abnormalities including Down syndrome (20%).
Data regarding additional medical conditions were collected for 844/890 residents (95%). At least one of the following conditions was reported for 39.1% of residents: epilepsy, cardiac disease, diabetes, bronchopneumopathy including asthma, internal prostheses, immunodeficiency or hematological disease, cancer, or cancer remission.
Data reporting a need for specific oral health monitoring were collected for 842/890 residents (95%) and took into account the presence of at least one of the medical conditions previously cited or bisphosphonate treatment. Of these 842 residents, 39.5% were found to require specific oral health monitoring. Table 1 describes autonomy, global health, feeding, and access to dental care of the residents. For 81.4% of residents (708/870 residents), toothbrushing had been performed within the establishment over the last week, once a day in most cases. Among these, lack of cooperation for hygiene The modalities of resident distribution among the criteria were dichotomized for simplification (n: number of residents for whom the data could be collected; Yes: percentage of residents experiencing the disorder). a Score higher than zero according to the Gingival index of Löe and Silness 27 noted for at least one dentate sextant. b Stage 1 or 2 according to the Ekstrand classification for carious lesions, 28 without developed carious lesion. c Stage 3 or 4 according to the Ekstrand classification for carious lesions. 28 d Root retention, dental abscess, periodontal abscess, one or more teeth with pulpal exposure or exposure of endodontic material, dental cellulitis.
procedures was reported by the caregivers for 21.8% of residents (152/698 residents), and partial or total assistance was provided for 17.8% and 15.7% of 701 residents, respectively.
During the oral examination, 74% of residents (651/880 residents) were declared to be totally cooperative by the dentists according to the Venham scale. 26 Thirty-seven residents were edentulous (of whom 21 and 16, respectively, attending nursing homes for elderly and establishments for adults with disability). Table 2 describes the main oral health indicators among the 853 dentate (at least one tooth) residents. Presence of dental plaque was reported for 79.8% of dentate residents (636/797 residents) and for 67% of them, the presence of dental plaque was generalized.
Evolution of the oral hygiene status between baseline and 6-month follow-up assessments
Caregivers reported change in the oral hygiene procedure performed within the establishment following the hands-on toothbrushing workshop for 53.7% of the residents (406/756 residents). Table 3 shows an improvement in oral hygiene status of the residents between the two assessments. Caregivers stated that oral hygiene had been performed within the establishment over the week before the 6-month follow-up for more residents than the week before the baseline assessment (86.0% vs. 81.8%; p < 0.001). No statistically significant difference was noted for frequency of oral hygiene procedures, modalities of assistance, and cooperation during oral hygiene procedures. Among the dentate residents, presence of dental plaque was noted for fewer residents at 6-month follow-up than at baseline (71.8% vs. 80.8%; p < 0.001).
Effectiveness of the OHP intervention on dental plaque removal
Among the 890 residents who completed the OHP intervention, 691 were included in the analysis of the effectiveness of the OHP intervention on dental plaque removal (Figure 2 ). An improvement in dental plaque removal was noted for 233 residents.
All the variables significantly related to an improvement in dental plaque removal between the baseline and the 6-month follow-up in univariable analyses are presented in Table 4 . No statistically significant association was found with timescales between the two times of assessment.
The multivariable mixed logistic regression final model is reported in Table 5 . Improved dental plaque removal was recorded more often for the group of 13-to 20-year-old residents (OR = 1.97; 95% CI = 1.15-3.38) and less often for residents requiring specific oral health monitoring due to general health conditions (OR = 0.56; 95% CI = 0.37-0.86).
DISCUSSION
When the resources deployed for this program are considered, the finding that dental plaque removal improved for only approximately one-third of dentate residents is discouraging. This study did not provide evidence for recommending widespread implementation of this pilot OHP program.
T A B L E 3 Evolution of the oral hygiene status of the residents between the baseline and the 6-month follow-up assessments
Controlling plaque among people with disability, particularly those in special care establishments, is a fundamental cornerstone in improving oral health and it is crucial to identify effective strategies. Similar research described in the literature reports conflicting findings and direct comparison is difficult because of the differences in OHP interventions, in the instruments used for oral hygiene outcome measure, and in the presentation of results. Bizarra and Ribeiro 18 related a significant reduction of plaque index at 3 months with daily supervision of tooth brushing. Glassman and Miller 17 reported a decrease in plaque scores with training and coaching during oral hygiene sessions. Conversely, MacGiolla et al. 29 reported that a pyramid-learning design failed to significantly improve oral hygiene. The results may in part have been related to the study population. Residents who were involved in the OHP intervention were not randomly selected, but chosen by the director of each establishment. It is likely that residents for whom caregivers reported difficulties in providing daily oral hygiene care were recruited. Practical problems, such as residents biting the toothbrush, refusing care, or not opening their mouths are reported in the literature. 6, 30 In this study, a lack of cooperation during oral hygiene procedures was reported by the caregivers for a fifth of the residents. Discussion of behavioral techniques to cope with resistant behavior and regular feedback sessions for caregivers to discuss specific difficulties encountered could have been useful additions to the program. Moreover, it is also known that tooth brushing is often viewed by caregivers as an unpleasant task 31 and it might therefore have been useful to include cognitive behavioral training to modify negative perceptions of oral hygiene tasks.
The impact of the intervention was significantly related to the age and to the health status of the residents. Residents aged 13 to 20 years were twice as likely to have improved dental plaque removal following the intervention. This result could be explained by the higher level of autonomy of this group of residents, who attended establishments that aim to impart life skills. In contrast, the intervention had low impact on dental plaque removal in residents with systemic diseases. It is plausible that medical disorders could lead to difficulties in prioritizing oral hygiene issues despite interrelations between oral and systemic diseases being specifically addressed during the OHP intervention. In France, training in oral health for caregivers is insufficient 15 and usually carried out through local initiatives. It might be relevant to include oral health issues in the curriculum of caregivers to overcome issues related to a lack of knowledge earlier in their careers.
This study is original with regard to two methodological elements. The first is related to the sample size and its geographical spread. Most previously reported interventions have been conducted on small population samples. 17, 18 The second is related to the outcome used to measure effectiveness of the OHP intervention. Literature regarding evaluation of programs to improve oral hygiene of persons with disability attending special care establishments is limited, and generally focused on caregivers. Previous studies demonstrated acquisition of knowledge or skills and improvement in reported behaviors by caregivers after training, without objective assessment of their ability to provide effective oral hygiene, despite this being the final objective. 16, 32, 33 Training caregivers aims to modify oral health-related behaviors leading to better oral hygiene outcomes for residents. Numerous index systems are described in the literature to estimate the quantity of dental plaque. The Greene and Vermillion index 21 was chosen in this study because it is quick to apply, as one tooth is used to score the index for each sextant. The usual scoring method implies calculating the plaque index for the individual by adding the scores for each sextant and dividing by the number of sextants examined. We chose not to use a numerical value to assess the presence of dental plaque for a resident and to convert the scores recorded for each sextant into a categorical variable using an index system developed specifically for use in special care dentistry. 20 This index system seemed to us to be more discriminating than numerical values to document the ability to remove dental plaque in the whole mouth. Moreover, the aim was not only to report the evolution of the presence of dental plaque between baseline and 6-month follow-up at a population level, but also to report the outcome measure at an individual level. Reporting results in terms of how many residents benefited from an improvement of their dental plaque removal during the study period is crucial to inform the public health decision makers on the effectiveness of the program. This approach also allowed identification of the characteristics of residents for whom the intervention was beneficial.
Other methodological issues need to be discussed. The improvement in dental plaque removal was not compared with a control group, so there was insufficient evidence to demonstrate causality with the OHP intervention. High need in improvement of oral hygiene for residents attending special care establishments is acknowledged throughout France, so it seemed inappropriate to deny a proportion of individuals the immediate opportunity to improve their oral hygiene. For these reasons, a single group, pre-and posttest design was preferred to examine the feasibility and effectiveness of training general dentists to implement a standardized OHP intervention in special care establishments. If widespread implementation of this pilot program could have been recommended after this initial study, findings would have to have been confirmed using a well-designed randomized control trial.
Confidence in the results may also be weakened as dentists undertook both the interventions and conducted the assessments. For this pilot study, it was not possible to recruit an independent examiner who would have had to visit each establishment spread widely around the country. It would be reasonable to expect that the objectivity of the dentists could be ensured by the time interval between the initial and the 6-month follow-up assessments. Moreover, dentists were trained online and were calibrated for the collection of the oral health indicators, including the major outcome, using highquality intraoral photographs. Conducting clinical training and calibration exercises with people with disability would have been desirable to give examiners the opportunity to apply their training in real-life settings. This was not possible for reasons of timing of the data collection, lack of resources to bring the dentists together from around the country, and population limitations. 34 Other studies have shown that the use of photographs may replace clinical examination for the purposes of training and calibration when in vivo calibration is not practical, without adversely affecting data quality. 34, 35 However, caregivers were informed in advance of the evaluation dates, which was likely to have led to an improvement in oral hygiene at these times. To help overcome this issue, bleeding indices might have been used instead of plaque indices, but a dental probe was not used to avoid discomfort or injury.
These methodological issues would tend to overestimate the impact of the efficacy of the OHP and yet the results were unsatisfactory despite this possible bias.
To conclude, this national pilot program failed to significantly improve the dental plaque removal of the residents attending special care establishments-improvement was only seen in around a third of residents. Further research is required to understand the limiting factors of such interventions, which might be related to the behavioral and cognitive profile of the residents and/or to the knowledge, skills, confidence, or compliance of the caregivers.
